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 A B S T R A C T 
Irrigation in Tanoh Abee is used for agricultural activities especially during the 
second planting season during dry season. However, the availability of 
irrigation water is controlled by total rainfall received.  An accurate prediction 
of rainfall, which traditionally used “keneunong” local wisdom, is urgently 
required. The objective of the study is to obtain the best predictor of seasonal 
rainfall based on the Pacific sea surface temperature (SST) anomaly and the 
monthly lead time of prediction. We employed monthly rainfall from six 
stations surrounding the study area and combined with principal component 
analysis to eliminate rainfall autocorrelation. Seasonal rainfall (quarterly 
average) was calculated from monthly data. The results showed that 1-month 
lead time strongly correlated to seasonal rainfall in Tanoh Abee (r<-0.7, α=5%) 
for the second planting period. On other hand, the 2-month and 3-month 
lead time were useful to predict seasonal rainfall in March-April-May (MAM) 
only. For April-May-June (AMJ) and May-June-July (MJJ), the correlation 
between SST anomaly and seasonal rainfall was weak. This finding indicated 
that the accuracy of prediction decreases with the longer lead time. Based on 
our analysis, coordinates of 170° E – 175° E; 5° N - 5° S in Niño 4 region have 
strongly correlated with seasonal rainfall in MAM, AMJ, and MJJ periods. 
Moreover, further research is necessary to combine any approaches that will 
improve our prediction skill for another 2- or 3-month lead time. 
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The Tanoh Abee irrigation area is one of the 
technical irrigation rice fields located in Aceh Besar 
District, Aceh Province. The cropping pattern in the 
irrigated area was planned for rice-rice-fallow (Evariani, 
2018). The first planting season takes place in the rainy 
season period from October to February. The second 
planting season takes place in the dry season period 
from March to July. During dry season, irrigation water 
discharge is low leading to water stress in rice plants 
(Chinwendu et al., 2017). This is the case for rice fields 
in the downstream area (rice fields in Darussalam 
District, Aceh Besar), where irrigation water is less than 
the crop water requirement during the second planting 
season (Bolota et al., 2016; Farhan and Wardah, 2014). 
To minimize the worst impacts of low irrigation water, 
an accurate rainfall prediction may benefit to provide 
information on water availability (Deo et al., 2017; 
Nurdiansyah and Faqih, 2018). Therefore, it may reduce 
the risk of water stress. Generally, there is a local 
wisdom called as “keuneunong” that is practiced as an 
ancestral heritage in Tanoh Abee irrigation area, Aceh. 
Although the keuneunong system has been practiced 
for long period to predict seasonal rainfall, the results 
of prediction are less accurate, especially during extre-
me climate events. 
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Future climate conditions is unpredictable and 
will be more complex (Zhao and Li, 2015). Climate cha-
nge worsened the climate condition by changes the 
rainfall intensity (Jadmiko and Faqih, 2014) and river 
discharge (Birkinshaw et al., 2017; Zhao et al., 2015). 
Current system in Aceh (keuneunong system) is not 
appropriate to generate a reliable prediction especially 
in changing climate. Therefore, climate prediction sys-
tem based on scientific standard with high accuracy is 
urgently required. This research is one step to initiate 
the development of seasonal rainfall prediction in Ta-
noh Abee irrigation area, particularly for the second 
planting period in dry season. At this stage, the re-
search was performed to obtain the valid predictors for 
seasonal rainfall prediction model in the area. 
The climate in Indonesia is influenced by global 
phenomenon (Misnawati and Perdanawanti, 2019), 
such as changes in sea surface temperature (SST) (Kim 
et al., 2019; van den Besselaar et al., 2017; Zhang et al., 
2017) and Madden Julian Oscillation (Kosovelj et al., 
2019; Lestari et al., 2019). SST has a strong effect on 
rainfall in Indonesia from the dry season to the 
transitional season, between April – November (Hidayat 
and Ando, 2014). Fluctuation of sea surface tempe-
rature in the Niño 3, 3.4, and 4 region will affect rainfall 
in Indonesia (Yananto and Dewi, 2016), such as rainfall 
in Central Java (Hidayat et al., 2018), West Java (Nabilah 
et al., 2017), Banten (Mulyaqin, 2020), Sulawesi 
(Prasetyo and Pusparini, 2018), and Sumatra (Qalbi et 
al., 2017). More specifically, the rainfall in Banda Aceh 
City and Aceh Besar District is also related to the 
variability of the Pacific sea surface temperature both in 
normal and extreme climate conditions (Ilhamsyah et 
al., 2019). Previous research mentioned that there was 
a relationship between the Pacific sea surface tempera-
ture anomaly for the period of March-April-May (MAM) 
and June-July-August (JJA) and the seasonal rainfall in 
the Aceh Besar, Aceh Province (Farhan and Wardah, 
2014). Based on their work, we will use the SST anomaly 
as a predictor to predict seasonal rainfall for the second 
planting season (March-July) in the study area. 
This research aims to reveal the following 
questions: (i) how many months ahead the predictor 
can predict the seasonal rainfall of the Tanoh Abee 
irrigation area for the second planting season? and (ii) 
in which coordinate of the SST predictor accurately 
predict seasonal rainfall? In the end, the research will 
obtain the best predictor that is used as input of 
seasonal rainfall prediction model in the study area. 
RESEARCH METHODS 
Study Area 
The location of study was in the Tanoh Abee irri-
gation area, Aceh Besar District, Aceh Province (Figure 
1). The irrigation area is integrated with other irrigation 
areas in Krueng Jreu, Krueng Aceh, and Keuliling 
Reservoir. The community surrounding the Tanoh Abee 
irrigation area does not use irrigation water for 
domestic or livestock/fisheries. Most irrigation water is 
used for rice, both during the first and the second 
planting seasons. Other crops such as palawija and 
horticulture are not popular as agricultural 
commodities in this irrigation area. The first planting 
season takes place in October-February, while the se-
cond planting season is in March-July. The water source 
for irrigation is tapped from the Tanoh Abee dam, in
 
Figure 1. Map of Research Study in Aceh Besar District, Aceh Province (Nasrullah and Kartiwa, 2010) 
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Seunebok Kemukiman Tanoh Abee Village, Aceh Besar. 
The water availability in the dam fluctuates following 
rainfall pattern, namely abundant water during rainy 
season and less water during dry season. 
Data 
This study used monthly rainfall data and the 
anomaly of SST from Pacific Ocean. The monthly rainfall 
was from six stations spreading the irrigation area 
namely Blang Bintang, Kuta Raja, Ule Kareng, Sibreh, 
Seulimum, and Indrapuri for the period 1990-2005 (16 
years). On other hand, the SST anomaly for the period 
1990 - 2005 (1 degree resolution) was accessed from 
https://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/
Data/nino.long.anom.data. The SST was grouped into 
four regions as shown in Figure 2. 
Data Analysis 
The second planting season in the Tanoh Abee 
irrigated area takes place in March-July. The rainfall was 
averaged on seasonal scale namely (a) March-April-
May (MAM), (b) April-May-June (AMJ), and (c) May-
June-July (MJJ). The average seasonal rainfall was 
analyzed using the principal component analysis (PCA) 
technique to produce a new variable known as 
orthogonal principal component (PC) (van Delsen et al., 
2017). Based on PCA analysis, PC1 was able to explain 
the diversity of data (Purnama, 2019; Rufaidah and 
Effindi, 2017) as indicated by the highest eigenvalue 
(76%). Therefore, PC1 met the requirements for spatial 
correlation analysis, while other PCs were ignored 
because of their relatively small value. The data analysis 
followed diagram in Figure 3. 
The spatial correlation between the Pacific SST 
anomaly (predictor) and the average seasonal rainfall of 
the Tanoh Abee irrigation area (predictands) was pro-
cessed using the NCAR command language (NCL) soft-
ware. We proposed lead time between the predictors 
and predictands as follows: 
a. 1-month lead time, which is a prediction of rainfall 
one month ahead based on SST anomaly. 
b. 2-month lead time, which is a prediction of rainfall 
two months ahead based on SST anomaly.  
c. 3-month lead time, which is a prediction of rainfall 
three months ahead based on SST anomaly.  
The choice of Niño region as a predictor was 
based on their performance as indicated by correlation 
coefficient (r≤-0.7). The region then was used as a 
predictor for the seasonal rainfall in the Tanoh Abee 
irrigation area for the second planting season. 
RESULTS AND DISCUSSIONS 
Rainfall in Irrigation Area Tanoh Abee 
The average value of monthly rainfall from six 
stations (Blang Bintang, Kuta Raja, Ule Kareng, Sibreh, 
Seulimum, and Indrapuri) in the Tanoh Abee irrigation 
area is shown in Figure 4. The maximum rainfall occurs 
in November (> 200 mm), whereas the driest month is 
in July (~50 mm). In period of June-August, monthly 
rainfall is less than 100 mm each. Typically, the climate 
type of the irrigation area is type E based on Oldeman's 
classification (consecutive wet months of less than 
three months). 
For the second planting season, phases of rice 
cultivation are as follows: (a) tillage and seeding phases 
in March; (b) the vegetative and reproductive phases in 
April-June; and (c) the seed ripening phase in July. The 
first two phases are periods with high demanding water. 
On other hand, the last phase does not require a lot of 
water, even irrigation is not needed when the rice plant 
is in the yellow maturity (Fuadi et al., 2016). From the 
observed rainfall distribution, the tillage, vegetative, 
and reproductive periods of the second planting sea-
son occur in the transition from wet to dry months 
(rainfall<200 mm), therefore, there is still chance of 
drought in rice cultivation. 
Spatial Correlation  
Spatial correlation between the SST anomaly in 
the Pacific Ocean with the average seasonal rainfall 
during the MAM period for the 1-month lead time 
prediction is shown in Figure 5a. A high spatial corre-
lation (r<-0.7; at significant level α = 5%) was indicated 
at coordinates 160° E-180° E; 5° S – 5° N (red box, Figure 
5). Location outside the Niño region were ignored even 
though they have a high spatial correlation value. Previ-
 
Figure 2.  Niño regions in the Pacific Ocean, where monthly SST anomalies were derived in the Niño 3, 3.4, and 4 
regions (160° E-120° W; 5° LS-5° LU) as input data (https://www.cpc.ncep.noaa.gov/). 




Figure 3.  The stages of research data analysis 
ous researches revealed that the Niño region may affect 
the rainfall variability in Indonesia (Hidayat et al., 2018; 
Nabilah et al., 2017; Pan et al., 2018; Qalbi et al., 2017; 
Yananto and Dewi, 2016). Therefore, the predictor 
coordinates were only taken in the Niño region. To 
predict seasonal rainfall at MAM period, the February 
SST anomaly at coordinates 160° E-180° E; 5° S – 5° N 
was used. 
For the 2-month lead time, the correlation was 
also high and spatially the same as the 1-month lead 
time (Figure 5b). Even though the coordinates are the 
same, the spatial correlation coefficient values were 
different i.e. -0.8 and -0.7 for 1-month lead time and 2-
month lead time analysis. For the 3-month lead time, 
the correlation was smaller (Figure 5c). The results 
indicated that the prediction accuracy decreases with 
the increased lead time. For the AMJ period, the spatial 
correlation is presented in Figure 6.  
The SST anomaly in March was used to predict 
the average seasonal rainfall in the AMJ period (1-
month lead time). High correlation was obtained at 
coordinates 165° E-175° E dan 5° S – 5° N (Figure 6a). 
The red box mark in Figure 6 indicates the coordinate 
with high correlation (r<-0.7).  Compared to MAM 
period, the area of the spatial correlation coordinates 
for the average AMJ seasonal rainfall is relatively 
smaller. Figure 6b shows the spatial correlation bet-
ween the SST anomaly in February and the predicted 
seasonal rainfall in AMJ (2-month lead time). Clearly the 
relationship between SST anomaly and rainfall for AMJ 
was not significant (r⋍-0.4), and only few coordinates 
have high correlation. Similarly, the 3-month lead time 
to predict seasonal rainfall in AMJ period was no high 
correlation (Figure 6c, α=5%). The findings revealed 
that both the 2-month and 3-month lead time were not 
 
Figure 4.  Average monthly rainfall (mm) based on six observation stations in the Tanoh Abee irrigation area, Aceh 
Besar District. The data used is for 1990-2005.  
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Figure 5.  The spatial correlation between SST anomaly at Pacific Ocean with the average seasonal rainfall in the MAM 
period: (a) February (1-month lead time), (b) January (2-month lead time), and (c) December (3-month lead 
time). The prediction was applied in Tanoh Abee irrigation area. 
accurate to predict the average seasonal rainfall of the 
Tanoh Abee irrigation area for AMJ period. Thus, only 
the SST Pacific anomaly in March was promising as a 
predictor of the mean seasonal rainfall of the Tanoh 
Abee irrigation area for the AMJ period. 
Then we analyzed the accuracy of predictor in 
MJJ period. Figure 7 shows the correlation between SST 
anomaly parameters and the seasonal rainfall of the 
Tanoh Abee irrigation area in the MJJ period. For 1-
month lead time, coordinates Niño 170° E-180° E; 5° S 
– 5° N (red box, Figure 7a) indicate strong correlation 
(r<-0.7, α = 5%) between the predictor and the 
predictand.  Compared to AMJ period, the coordinates 
having strong correlation is smaller (see Figure 6a). 
Figure 7b shows the spatial correlation between 
the SST anomaly in March and the predicted seasonal 
rainfall in MJJ (2-month lead time). Most coordinates 
for Niño region show having weak correlation (r⋍-0.4), 
and only small proportions have high correlation. The 
result indicated that the 2-month lead time SST ano-
maly was not good as a predictor for rainfall in MJJ peri-
od. The 3-month lead time also resulted in a weak cor-
relation (Figure 7c, α=5%) to predict seasonal rainfall in 
MJJ period. Like AMJ period, the results revealed that 
both the 2-month and 3-month lead time were not 
accurate to predict the average seasonal rainfall for MJJ 
period. Thus, the results confirmed that the 1-month 
lead time was promising as a predictor of the mean sea-
sonal rainfall of the Tanoh Abee irrigation area for the 
AMJ and MJJ period. 
Based on the spatial correlation between the 
predictor parameters (SST anomaly in the Pacific Oce- 
Farhan et al./Agromet 34 (2): 100-109, 2020 
105 
 
Figure 6.  The spatial correlation between SST anomaly at Pacific Ocean with the average seasonal rainfall in the AMJ 
period: (a) March (1-month lead time), (b) February (2-month lead time) and (c) January (3-month lead 
time). The prediction was applied in Tanoh Abee irrigation area. 
an) and the predictand (average seasonal rainfall of the 
Tanoh Abee irrigation area for the second planting 
season), a strong correlation coefficient (r<-0.7; α = 5%) 
was obtained for the MAM period with the 1-, 2-, and 
3-month lead time SST anomaly. Meanwhile, for the 
AMJ and MJJ periods, a strong correlation was only 
observed on the 1-month lead time. Based on this 
result, the accuracy of the prediction is low if we used 
the longer lead time. Our findings confirmed previous 
researches that SST anomalies control the rainfall 
variability for the second growing season (March-July). 
For instance, SST anomalies affected the rainfall varia-
bility in the northern coast of Aceh Province (Farhan 
and Wardah, 2014), especially the city of Banda Aceh 
and Aceh Besar (Ilhamsyah et al., 2019).  
Predictands Coordinates  
The coordinates of the Niño Region which have 
strong correlation (r≤-0.7) between the SST anomaly 
and the average seasonal rainfall of the Tanoh Abee 
irrigation area in the second planting season are listed 
in Table 1. All the coordinates are in Niño Region 4. The 
finding is consistent with the previous researches that 
shows the rainfall variability in Indonesia under normal 
climate conditions is related to the variation in sea sur-
face temperature in the western Pacific (Windari et al., 
2012). Therefore, the coordinates of SST anomaly that 
obtained from this study was used as locations to ex-
tract the predictor. However, other researches showed 
that for extreme climatic conditions, rainfall anomalies 
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Figure 7.  The spatial correlation between SST anomaly at Pacific Ocean with the average seasonal rainfall in the MJJ 
period: (a) April (1-month lead time), (b) March (2-month lead time), and (c) February (3-month lead time). 
The prediction was applied in Tanoh Abee irrigation area. 
in Indonesia in the Monsoon climate are generally 
associated with the Pacific SST anomaly in the Niño 
region 3.4 (Hidayat et al., 2018; Prasetyo and Pusparini, 
2018).  
Table 1 indicates different coordinates of the 
Niño region that have strong correlation in predicting 
seasonal rainfall. The difference is caused by climate 
type of the study area.  Likely, the Tanoh Abee belongs 
Table 1.  Coordinates of the Pacific Ocean, which the sea surface temperature anomaly was extracted 
to predict seasonal rainfall. All coordinates were located at Niño 4 region that have a strong 
correlation (r<-0.7, α = 5%) with seasonal rainfall in the second growing season 
Season Monthly Lead Time Pacific Ocean Coordinates r Value 
MAM 
1 160o E – 180o E; 5o S – 5o N -0.8 - -0.7 
2  160o E – 180o E; 5o S – 5o N -0.8 - -0.7 
3  165o E – 170o E; 5o S – 5o N -0.8 - -0.7 
AMJ 
1 165o E – 175o E; 5o S – 5o N -0.8 - -0.7 
2  - - 
3  - - 
MJJ 
1 170o E – 180o E; 5o S – 5o N -0.8 - -0.7 
2  - -0.8 - -0.7 
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to semi monsoonal climate (Ilhamsyah et al., 2019). For 
the extreme rainfall, the variability of rainfall was asso-
ciated with Niño 3.4 Region, especially for monsoonal  
climate (Hidayat et al., 2018; Prasetyo and Pusparini, 
2018). Other possibility that trigger the difference is the 
period data used. Here we use an average rainfall of 16 
years (1990-2005) in the Tanoh Abee irrigation area. 
This data consists of rainfall in normal and extreme 
climate. Therefore, we suggest to organizing the rainfall 
data based on those climate condition. The rather short 
data (less than 20 years) may not properly describe the 
state of rainfall under extreme climates, which occur on 
long-term climate period. Based on this consideration, 
it is necessary to analyze rainfall data based on normal 
and anomalous climates. Then we will obtain the 
extracted coordinates of SST anomaly to predict sea-
sonal rainfall both for normal and extreme climate. 
With the SST anomaly, the predictors can predict 
seasonal rainfall in the Tanoh Abee irrigation area for 
the second planting season up to 3 months ahead for 
the MAM period. On other hand, the SST anomaly was 
only able to predict for 1 month ahead during the AMJ 
and MJJ periods. Therefore, the distance between the 
predictors and predictand is set one month ahead (1-
month lead time). Table 1 indicates that there are 
different coordinates of the region that are used to 
predict rainfall especially for 1-month lead time. 
Therefore, we assumed the coordinates of 170° E - 175° 
E; 5° N - 5° S as locations for predictor. We extracted 
the SST anomaly from the coordinates to predict 
seasonal rainfall in Tanoh Abee irrigation area. 
DISCUSSIONS 
Study on climate related to water resources in 
Aceh Province is limited especially in the Tanoh Abee 
irrigation area. This irrigation area support food 
sustainability in Aceh Besar and Banda Aceh City. Any 
climate related disaster in this area will affect to food 
stability and farmers' losses, therefore, research and 
assessment on rainfall variability impacts is necessary. 
The result of assessment will benefit as information to 
mitigate climate related disaster especially in the 
cultivation system in the Tanoh Abee irrigation area. 
One study revealed that SST anomalies in the 
Pacific Ocean influence rainfall variability in the 
northern coastal climate area of Aceh Province (Farhan 
and Wardah, 2014). Their work did not count lead time 
prediction, namely in the same time (0-month lead 
time). Here we improved their approach by introducing 
lead time prediction of seasonal rainfall in the Tanoh 
Abee irrigation area. Our finding showed that 1-month 
lead time is promising to rainfall prediction based on 
global output from SST. 
The study has a limitation namely short-term 
prediction of 1-month lead time for rainfall. The SST 
anomaly of Nino 4 region has strong correlation with 
average seasonal rainfall one month ahead. This finding 
may not sufficient because crop planning and manage-
ment are generally carried out at least two months be-
fore the planting period takes place. Further research is 
still challenging to combine other variables that affect 
to rainfall variability in the Tanoh Abee irrigation area. 
The use of SST from Indian Ocean may improve the skill 
prediction of our approach. Previous researches indica-
ted that Indian Ocean Dipole (IOD) influence crop fail-
ure in tropics (Anderson et al., 2019) and Southeast Asia 
(Gao et al., 2019). The crop failure is related to extreme 
rainfall associated with IOD (Hendrawan et al., 2019; 
Krishnaswamy et al., 2015). Hopefully, further research 
can obtain a new predictor to forecast seasonal rainfall 
in study area for the second planting season for the 2- 
and 3-month lead time.  
CONCLUSIONS 
Seasonal rainfall of the Tanoh Abee irrigation 
area associates with the SST anomaly in Pacific Ocean. 
Our result showed that Niño 4 region has strong 
correlation with seasonal rainfall in MAM, AMJ, and MJJ 
periods. Specifically, coordinates of 170° E – 175° E; 5° 
N - 5° S was used to extract the SST anomaly. For the 
second planting time, our model is able to predict 
rainfall with one-month lead time only. Therefore, 
further research is necessary to combine any 
approaches that will improve our prediction skill for 
another two- or three-month lead time. 
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